Objective: To examine the effect of pregnancy history on the risk of stillbirth.
| INTRODUCTION
Stillbirth is a common adverse perinatal outcome: it complicates approximately 1 of every 200 pregnancies reaching 22 weeks. Globally, there are an estimated 2.64 million stillbirths every year.
2
Obstetric complications, placental diseases such as abruption, and genetic or structural abnormalities are reported to be common causes of stillbirth, but the etiology remains unclear in many cases. 3, 4 A recent systematic review and meta-analysis of population-based studies 5 showed that the major risk factors for stillbirth included nulliparity, obesity (body mass index ≥30 [calculated as weight in kilograms divided by the square of height in meters]), advanced maternal age (≥35 years), and smoking during pregnancy. Maternal pre-existing diabetes, 5, 6 pre-eclampsia, 5 assisted reproductive technology, 5, 7 small-for-gestational-age (SGA) fetus, 5 SGA in prior pregnancy, 8 and low education level 5 have also been shown to be associated with stillbirth.
A recent population-based case-control study in the USA 6 aimed to identify risk factors for stillbirth that might be identified at the start of pregnancy and reported that pregnancy history was the strongest risk factor for stillbirth (defined as fetal death at ≥20 weeks). Risk of stillbirth was lowest for multiparous women without prior spontaneous abortion or prior stillbirth, and increased progressively for nulliparous women without a previous spontaneous abortion, nulliparous women with history of spontaneous abortion, and then multiparous women with prior stillbirth.
In a large population-based study in Sweden, 9 an increased prevalence of stillbirth was associated with three or more spontaneous abortions among nulliparous women with a singleton pregnancy. A smaller population-based study in Scotland 10 reported no significant association between prior spontaneous abortion and stillbirth among nulliparous women with singleton pregnancies; however, it reported a twofold higher stillbirth rate among nulliparous women with a prior spontaneous abortion than among women with one prior live birth.
Three other studies 8, [11] [12] [13] reported a positive association between stillbirth in a first pregnancy and stillbirth in a second pregnancy, but none of the three studies had information on prior spontaneous abortions. It has been suggested that spontaneous abortion and stillbirth have a partly similar pathogenesis, including abnormal placentation. [14] [15] [16] [17] Impaired placentation has also been associated with several major pregnancy complications such as pre-eclampsia, pregnancyinduced hypertension, placental abruption, and SGA-all conditions associated with stillbirth. 14, 17 Finland is a Nordic welfare state with much publicly funded health care, such as free access to prenatal care for all women, and its prevalence of stillbirth is among the lowest in the world. 18 The aim of the present study was to examine the effect of pregnancy history including information on prior deliveries, prior spontaneous abortion, and prior stillbirth on the risk of stillbirth, taking into account several major pregnancy complications that might cause stillbirth, such as placenta previa, placental abruption, and pre-eclampsia.
| MATERIALS AND METHODS
In a population-based cross-sectional study in Finland, data were reviewed from all women with singleton deliveries between January 1, was a partially adjusted model without major pregnancy complications (placenta previa, placental abruption, and pre-eclampsia) to assess whether such complications mediated an association between stillbirth and reproductive history. As a sensitivity analysis, models 1 and 2 were repeated for the subpopulation of women without prior stillbirth (n=3420, 0.6%) and by using non-imputed data. Differences were taken to be significant if P<0.05.
| RESULTS
During the study period, there were 640 687 deliveries. After women younger than 20 years and multiple births were excluded, data on 604 047 deliveries were reviewed. Only 867 (0.1%) had no information on pregnancy history ( Fig. 1) .
Overall, there were 3.17 stillbirths per 1000 deliveries (1917/604 047, 0.3%). Stillbirth was associated with prior SGA, prior preterm delivery, IVF, pre-eclampsia, placenta previa, placental abruption, SGA, and major congenital anomalies (Table 1) . Stillbirth was also associated with maternal age, pregnancy history, socioeconomic status, marital status, and smoking during pregnancy (Table 1) .
For most variables, the proportion of cases with missing values was very low (Table 1) ; the only exception was information on socioeconomic status, which had a missing rate of 16.6% (n=100 260).
The results of unadjusted (model 1) and adjusted (models 2-3) logistic regression analyses using multiple imputed data are presented in Table 2 . After adjustment for the known pregnancy complications associated with stillbirth (placenta previa, placental abruption, and pre-eclampsia) and other covariates, pregnancy history was found to be an independent risk factor for stillbirth (model 2). The prevalence of stillbirth was lowest for multiparous women without prior spontaneous abortion and/or prior stillbirth (reference group). Additionally, maternal age seemed to be an independent risk factor for stillbirth:
age of 30-39 years and 40 years or more was associated with significantly higher prevalence of stillbirth as compared with 20-29 years.
Prior SGA, prior preterm delivery, smoking after first pregnancy trimester, and major congenital anomalies were also independent risk factors for stillbirth. In the partially adjusted model without major pregnancy complications (model 3), the ORs of pregnancy history remained almost unchanged ( Table 2 ).
The association between pregnancy history and stillbirth identified in the main analysis (Table 2 ) was consistent with the findings from a sensitivity analysis restricted to women without prior stillbirth (Table 3 ) and an analysis using observed rather than imputed data (Table 4 ).
| DISCUSSION
Identifying which women are at high risk for adverse pregnancy outcomes such as stillbirth, SGA, or severe pre-eclampsia to optimize prenatal health care is a challenge in obstetrics. The present study found that prior spontaneous abortion assessed as part of pregnancy history is an independent risk factor for stillbirth even after adjustment for maternal age and major pregnancy complications associated with stillbirth.
Previous studies to determine the association between prior spontaneous abortion and stillbirth are scarce and have reported inconsistent findings. For example, a large population-based study in Sweden   9 reported a positive association between three or more spontaneous abortions and stillbirth (fetal death at ≥28 weeks) among nulliparous women with singleton pregnancy, whereas a small population-based study in Scotland 10 found no association between prior spontaneous abortion (<24 weeks) and stillbirth (fetal death at ≥24 weeks) among this group of women.
The present results have confirmed that prior stillbirth is associated with stillbirth in subsequent pregnancies, as reported previously. 8, 11, 12 However, a direct comparison with other studies is hampered by differences in study design: in some previous investigations, the effect of prior spontaneous abortion was not studied, or the definitions of spontaneous abortion and stillbirth differed from those in the present study. Furthermore, previous studies lacked information on several important covariates associated with stillbirth, including congenital anomalies [8] [9] [10] [11] and adverse pregnancy outcomes such as prior SGA or preterm delivery. 8, [10] [11] [12] The present results can be compared with those of a population-based case-control study conducted by the Stillbirth Collaborative Research Network 6 in the USA, which assessed risk factors identifiable in early pregnancy. That investigation had findings similar to those of the present study; however, it did not control for major pregnancy complications associated with stillbirth owing to study design. In the present study, the association between pregnancy history and stillbirth remained almost unchanged after controlling for major T A B L E 2 ORs for stillbirth among women with singleton deliveries in Finland in 2000-2010 (n=604 047). Logistic regression analyses using multiple imputed data. Model 1 was unadjusted. Model 2 was adjusted by maternal age, pregnancy history, prior SGA, prior preterm delivery, smoking status, gestational diabetes, pre-existing diabetes, in vitro fertilization, pre-eclampsia, placenta previa, placental abruption, and major congenital anomaly. Model 3 was adjusted by maternal age, pregnancy history, prior SGA, prior preterm delivery, smoking status, gestational diabetes, pre-existing diabetes, in vitro fertilization, and major congenital anomaly. b Included entrepreneurs, students, retired women, unemployed women, housewives, and women with unclassifiable occupations. c Included all structural anomalies, chromosomal defects, and congenital hypothyroidisms identified by ICD-10 codes. Cases with hereditary diseases and other diseases not associated with congenital malformations, dysfunction of organs or tissues, developmental disabilities, congenital infections, isolated minor dysmorphic features, normal variations, and common less significant congenital malformations were not included.
pregnancy complications, suggesting that pregnancy complications did not mediate the association between pregnancy history and stillbirth.
The present bivariate analyses showed that women with stillbirth had a higher frequency of SGA (>2 SDs lower than mean birth weight) neonates as compared with women with live birth. This finding is in accordance with previous studies to determine the timing of fetal death before stillbirth delivery. 5, 21 Additionally, the present study found that prior SGA was associated with a 1.5-times higher prevalence of stillbirth as compared with women with no prior SGA, in accordance with a Swedish study. 8 In the present study, index pregnancy information on SGA-a disorder associated with impaired placentation 14,17 -was not used as a covariate because it is a causal factor in the pathway between impaired placentation and stillbirth.
Impaired placentation leads to placental dysfunction and is likely to reduce fetal growth, potentially resulting in a live-born SGA neonate or ultimately to stillbirth.
The present findings concerning risk factors for stillbirth are in accordance with previous studies confirming a positive association between stillbirth and advanced maternal age, 5 smoking during pregnancy, 5,6 IVF, 7 and major congenital anomalies. 3, 4 In the present study, it is difficult to compare the data owing to differences in the definition. The association between disparities in socioeconomic status and stillbirth has been partly explained by a lack of prenatal care; in Finland, however, all pregnant women have free access to publicly funded health care.
The present results did not confirm the positive association between maternal pre-existing diabetes or gestational diabetes and stillbirth T A B L E 4 ORs for stillbirth among women with singleton births in Finland in 2000-2010, calculated with observed data (n=604 047). reported by several previous studies. 5, 6, 22 This discrepancy might be explained by the policies of pre-conception planning for all pregnancies among women with pre-existing diabetes and a detailed surveillance program for women with pre-existing and gestational diabetes.
A strength of the present study was the use of validated health registers 23, 24 covering information on the whole population, thereby minimizing selection and misclassification biases. The information on stillbirth was highly reliable because it was gathered from the MBR and supplemented with data compiled by Statistics Finland on stillbirths and deaths during the first week of life. Furthermore, the data included information on the most important known risk factors for stillbirth except maternal weight (gathered since 2004) and major pregnancy complications.
The study has some limitations. The most important potential source of bias was the proportion of missing information on socioeconomic status, marital status, and smoking during pregnancy. The proportion of cases with missing information was substantially higher among women with stillbirth than among women with live birth; this is understandable, because stillbirth is a sensitive situation in which some of the background information might remain unregistered. To counter this, multiple imputed data were used in the multivariable analyses.
On the basis of the present evidence, the most important reproductive risk factors for stillbirth are previous adverse pregnancy outcomes such as prior stillbirth and prior SGA. The present study also showed that a prior spontaneous abortion is an independent risk factor for stillbirth irrespective of prior childbirths. This information could also be used to select nulliparous women at high risk for close obstetric surveillance.
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